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A THEORETICAL AND EXPERIMENTAL EVALUATION OF KLYSTRON Q -AND ITS STATIST.ICAL CORRELATION WITH FREQUENCY-TEMPERATURE 
_ .---- COEFFICIENT VARIATIONS 
'-. 
·{ 
Abstract 
/ 
coefficient .. of reflex k.lysttons. This coefficient i's defined as th~-
.ln..9remental ~:.hange in -klystron fr~quency as a result of· -a :c.bai1ge .:in 
t'eIDpe-tature:.. The ind.icate·d :method is based on the theoret·ical ~na.1=ys-is. 
o.f t}?:e. ·quaitt-y faGtor of t:he-- resonant cav.ity, and its stat•i-st.ic.El.1 
.co.rre_la_t.ion ·-wi-th the frequency temper:atui·e coefficient o.f the: tube 
f';r-e·guency-·t~mperature coefficien.t: anq ;iua.lity factQr a.nd pre·serttat'.ion 
i ~-- . . > •, 
. ' ·. 
_ .. ·· __ - '. 
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--··. _._·- ___ 
.'. · .. · .. ·-·~.· .···--·.···· .. · .·. --···-·'····· 
of tbJ.$ inf.orma,tion ·1:in:· gr-aph-ica-1-::,ana-: -equat·'ion~. form,. p'erinitS- tne rap.id - ·: - . ~··· • • ., • J • • 
:c:alc'Ulat:ion o.f the frequency-tempe·rat.w·e coe-fficie·nt .fr.om ·t,h~ more-
read:i_ly: determinable quality fa;c:t_or. T)1,e: l:imits of: poss·ible ·err'or are 
}1s-: well. predi'ct~ble_-. 
..-.-
-.'-·. .. ...... ··-· 
, .. :)·' 
.$p_ecifi:ca1iy,_, the operat·tng ·1oade.d ,Q/ s- are ,measured ·at d.i-·s¢_.r,e_::t-e· fr.e·qu~nG·y . •/ . . . . . ..-.f 
intervals for- West~rn :Electric 459·- reflex. )dystrons oscillat.~·ng: in a 
f:reguen_cy' _band_ ·from: 5.9 Ghz to 6._4 :Ghz. The theory is ·pre.·sented on 
wh·fch. ·th:i'~,--- e:x.pe-rim~ntal determination·· of Q is. based. An_ experimental 
.,. evaluation ·of the f-reqµenc_y-,ternperature co.e:f:fici.eht -of' th:e_ klystron is 
' 
... 
made at disG-rete: intervals t·hroughout it,$. ·freqµ¢n_c_y range. A ma thema. tic al ,, . -~.. . . 
./ 
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derivation ·of the theory and subseqtlent statistical analysis 'relates 
-·--· ·--...--·-· -- . - ------ -----·---· .. -----·-·· ·-
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frequencies. The resu-1ting equations are of the fo·rm .Y .• mQ + b. 
~ . ' 
Within the significance. ranges of ~he· app:ropriate s.igma iimi ts t:tl~y 
., 
klys·trons. 
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1 .. 
I. =-rn.troduction(l,2,3) I 
.. -· -·· - ·-·- -· . - - ·- ___ ...... --
. . . ~ ~ . . . 
--·A- quantity of considtirable interest ·:1.s····the~-qti.a.Iity- factor· ·cir,Q ··--··-·---··-·----···----···-
-- - - -- - - - -
....... ----···- ·-----·-- -----· -···-
... : 
' 
. . 
energy stored per cycle divi.ded: by th~ energy dissipated or 
generated· per cycle, pres.ents ·a ·major design and te.sJ~.i.ng prob·lem . 
.i 
for reflex klystrons which co.:,tain a resonant· cavi,ty loaded. with 
. 
··an: electron beam. · -SP·e¢:Lf·ically, beam load_ing due to secondary 
emi·ssion a.rid ·a fip.i te. interactiqn gap transit angle, d.oes not make 
,, 
,;Qt_· pos·$ii>'le 'to. eva):qate · the operating loaded Q on a ·non~·operating . . . 
.. •'pold/' t.ube -or· thi.s ~:type. .· Various methods have, howeve:r., be:en 
·:pr91;>9seg- to evaluate the "hot" loaded. Q of operating .. re:f~Lex. 
k.lystro_n$. In gene.ral .. , these _·metgods are only app_liG.able, to 
""···· ..... 
_ .... ,external -ca.vi ty tuhe-s becau·s~:: c:!"ha.ng~s ·'iri freq-µe.ncy, .·:.n·~c·es:s~ry,··_t:~L _·'. ·.-: __ .. - ... --,~-••"•-•.-·---·-·- - •-• • •·' .•• •••·' ~-·,,•--•,,L,'4,-•-'• :•-:;•• .• •:...-.-- •.• .. _..,,.~·- ........ :,,,,•o -···-~-· '"='::: ... ·.,~,.-.. ~-,-, .. .-•-•••••••°''··'"·••S'" ••-•••~•"••'-:"'• •.,•••k•OC ••• •o-.·.S '--•'""••• •,• ,. J •••• ....... ,., ... _••• • •• .w •• L~,_·.,.:•F - ,...,. •-··-• " 
.. 
,·, 
..... 
·.~-· 
}' if: 
. /'.' 
determine Q, require geomet:rtcal c'hanges: .in the inte:-raqtion gap. 
:T.h1s ·results in operational changes of the ·tube. To,:·":overcome this 
d1ff.ic:ulty:, ·an a_lternate appr~ach to the problem clepends on changes: . 
! / 
ixr the: k.ly.stron' ~ ;mod~ of operation as cause·a· on.~y by repeller. . . ··, - ,· ·:.· .. ... ,. 
' -
,,.· 
.. 
. 
·vo·ltage change·s: (.i.:e.,~. ;no changes in geomet.:ry). It- i-s this approacQ 
that will be used to d,etermine Q. { •. -I ( 
-~-.-~·· 
/' 
E:ffect's of" t·entperature variations on klystron: ope:ra'tion are 
..,. 
usual J y not of interest· , since temperature caused frequency changes 
-are normally.,, eliminat~-d by automatic feedback ~ontrol circuits, 
external to the tube (4) ~ . Nevertheless, during the past decade a 
~ 
.,· 
.. 
,· 
•, . 
. ... - ·-· ··-··~ . 
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,J. 
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·Dumber of microwave systems have been developed which do not 
,_, __ , __ ....... :.:.... __ .;. .... ..:,.... .. - . .. ··r-·····-··- ···- ---- . - . . ..... ··-• ••' • • ·~·····-"------:, ·--· •••••- L • -••• - • •• .. •... . . , .... , ·- ·-···· ·--· ··-···· --- - . 
- ., . - . .. . - - -
•·· . --· ----· -- - -
---'"-~.:-'·-~·-incorpo·rate this type of frequency compensating c;ircui try into·. - -- - - -- -- ·- --
their des.ign(5,6). Here, frequency compensation is achieved 
by ma.intaining·extremely stable ambient temperature conditions in 
_ .- .. -·- ---.t'-,r-··--~:{};. --· ... - .... which .the .. tube operates. -It~, however, - the temperature does chan-ge·,-----------·-.. -,_ ...... , ... ,; ......... · ·---
, 
even if only slightly, very small frequency changes do occur. 
Determination of frequency changes as a function of temperature, 
/ 
therefore, becomes important, and an analysis of these frequency 
changes will be ma.de. T~ paraphrase the above, the frequency -
temperature coefficients of the klystrons will be determined experi-
mentally at discrete intervals throughout the 500 mh~- band of the 
reflex klyst.ron, 
r 
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coefficient of the tub .. e depend on the klystron's geometftc · configu-
. ~ 
, 
~ ..... 
ration at a particular frequency of operation, a qualitative analysis 
shows that the Q and frequency temperature coefficient·, although 
not necessarily f\mctions of ea.ch other, are· related.. Using 
statistical analysis, based on the theoreti?8'1 derivation presented 
' I 
, I 
in this report,_a correlation study is made which relates_Q and 
~req~ency temperature coefficient at discrete frequency intervals • 
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I II. Definition of Refl~x Klystron Cavity Q,' s(l,13) 
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. In ord.er to eljminate possible ambiguity, .. it is .. necessary to 
..... ·-.·· ··fUlly define- the quality factors of the reflex klys.tron cavity. 
·Eve·ry :;r.eso.nant cavity has, by the definition .to be presented,. 
. . .· 
-
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-
. ~- .. ···-- .. --: .... ,.. -- - ........ - - -- ----- -·-- __ .l.. . - .. .. 
. . _;..thfee---~q-ua-:ki-t-y---f'aetors-which·-·are··-aefihea· by the conditions under 
·' 
) 
.. which· they are determined. Specifically, these quality factors . 
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are defined as the internal or ~loaded. Q; ext~rnal Q,' which is 
d-er:-±v·e:d. for a +oss-fr_ee cavity which is loaded by a matched 
·tran$rni;~r_s-ion l_ine; and -lo~d-ed .. Q· of a cavity which is defined ~$ 
·the q11allty fli,¢t:o:r when it is loaded by both a transmission line;· 
and its OWii' los~ses.. _The external quality factor is represente4 r. 
The, internal or unloaded quality factor is re:pre·s:ent.ed . 
.· . 
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'QE·· 
~, FJ.~.e 1 shows the equivalent cir~-uit :for a resonator having only· 
,one: resonance near the frequen~y o·f operation. N, the turns r·atio, 
is proportional to th.e loo·seness of coupling { this will be shown). 
,,,A low value of -N .is: representatiye of tight coupling. A high value 
( 
. 
·,of ,,N occurs for lfght coupling. RR _is the resonant shunt imped.ance, 
f{: the s·er-i~s resistance repr"'esenting the circuit loss associated 
\ 
·with the coupling of the transformer, and the coupling circuit is ... 
:represented by an ideal transformer. The imped.ance looking- ·into 
't·he cavity, ·somewhere in the outp.ut line close to the coupling it.is 
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Equiva1ent circuit of sing1e-~nded resonator. Shurlt resistance; Ra, represents resonator loss~s and ideal transformer with series resistance, R, the coupling device and its associated losses. 
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of the klystron, is given by Ztn. Where: 
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The characteristic resonator admittance M is given q:y>:; 
' 
if - (c/1)1/2 
If we normalize the expression for Zfn with respect to t.]J~: 
qharacteristic wave guide impedance, Ro we get: . ·.-. 
.. 
, ..... 
At: resonance 
Zin 
Ro 
R 
-
R 
-Ro 
1 
+ 
+ 
-
l O and-· 
+ fat resonance) 
becomes quite large and. the second term ;in the denominator of 
th:e: ·expression for Zin approached zero. Therefore: 
R 
- {off resonance) 
R' = 0 for a lossless output circuit; therefore, off resonance 
t:he_ :t,nput impedance equals zero. For a. well d.esigned output 
cir ?ui·t .. R/Ro is mch less ·than o_ne ;- therefore; th:~ input impedance 
-off resonance is close to zero and depends on the circuit loss only • 
..... 
. At resonance th~ input -impedance is a function of the resonant shW1t { 
impedance and the degree of coupling. 
- -:.; .... 
' - -- ·····-·-~--~--- ·. _ __..· .... · ___ ··. _.. .... -------· ··· .. ·- -·-····:~--;-:----·-··:.,:, - . . ' -- ' -~ -· . --- ~ . - - - - . -~ -
--···--·-·-···-·.,.. ··- -· ... . ----~ .. - -· ··- --
~--·--- ·-· - - -·- . __ _,_ .... ·-·-· ··•·--·--····· -· -·--·---· .. ~· .. --· . 
.. - \·"---, 
. , ... 
·"-- -- -·-··• - : .. . -·- ---
\ 0 
: .: l::J-c· . ·"- ·- - . : .·' 
·.•·· ~ 
,f 
. --··--·-- --- --------·-- ··-· '.:_:'.:..~~ _.,;,_ ... _: ______ ;: ___ ___: . ~- .. .-·-· ___ ---0~- . __ . ·_,.,. __ ... --
\._ ) 
: I 
. I 
: ! 
I 
. I 
·' 
.. 
I 
'', 
I 
I· 
; ,I 
'~ [ i 
I 
'I II 
; 
1\ 
I I 
' 1 1 l ·~ ~ 1 
I I 
~ ~ 
; 
"j: 
----------------~-------~~---- --·'--~--------~- -~---~ ... _ . . -.· 
. !: -
• - f 
~.---., • .. ' ... ••-••,:P•.--«"•,•-••--, > ·• •""-
'· ... 
. . I -:- •. ;." ,'••\I~~'.-. • • • ' 
. \. 
-- ........... ,..,:... ,., .• 1 • .;,. -----
i· 
/. ,. 
~ 
' . 
6 • 
The reflection coefficient, r, is defined by(13): 
(; 
Off resoQance 
-
-
R 
-Ro 
R (-Ro - 1) . / 
Then R 1 + rl 
-
-
-Ro 1 
- r1 
At resonance Zin 
-Ro 
which results in ( L 
Ro 
R 
-Ro 
+ 
··-. . . - .•.• ·- •.• ·- ..• . . -- ·-· ...• ····- .•. . - .... : ,. ......... :,.: .... ,.7.·-.y;;,.,. •.. :.. ;, ...... ;-•. .,.-.- ......... , ..... ,_ ····---·: .... · •.• ; ; .•• ·····:·· ...... : ....... - ·-·-·-~ _.:_ •. ,::-,.-.-•• ----~----- ·-
and r = r1, therefore: 
<k + 1) .. . . .. . ... · .. ·. "'. . - .' .-.-,-,~.. ~ 
(o.:er· resonance) Eqn-. ·1 
+ 
RR and r - r0 , therefore: zyz 
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• 1 + ro (at resonance) Eqn. :2.· 
l - r 0 
Substituting equation 2 into equation 1 results in the following 
expression: 
·p 
RR 1 + rg ·1 + r1 
RoN2 - 1 -- 1 ..,,, ro - r1 
a-
"I 
,.,,, 
or RR 2 {ro 
- r3 l 
RoN2 - (1 r1) - ro){l ~ Eqn. 3 
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The normalized equation for Zin may now be rewritten in ternis. ·or 
• I 
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1 + 
+ j MRoN2 Eqn,. 4. 
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Re·;turning to the .definition.~_ of the quality factors of the cavity, 
. . ~>, ·, . . . 
:i.t: is known that the Q .of the ·c_avity, when loaded· by its own losses 
only, is define·d. as ir.iternal Q. or -~. Multiplying the characteristic. f 
admittance of" t-h·e resqnato_r: 'b_y the shunt resistane€ representing 
resonator losses;_ res.-uJ..t-s -in --~h expression for .internal Q or ~-... 
... 
If we: ·consider the cavity ·to. ,:be lossless and load.ea by on_ly --~ 
:matched transmission line the external quality factor or QE ·1:s 
< 
d:efin:ed_. It equals the. shunt resistance resulting from the: 
transformed value of· the matched output line mul;~·-iplied by the 
cha.racteristio I"eS.on~tdr ·admittance. Namely: 
. .....!/· 
Q- ' __ .··_· E .. Eqn. 6 
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Nof,:e: .. ·., ,, Figure 1 2 shows that the equivalent shunt resistance eq~!~----'·. _____________________ . _ ··-··-·--·--·······«-·•-····----:;: ·····-·-·····-·-·. i;N2 .... -·- ...... - _____ :.-::.·- ... --
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,. !t soould be noted that the ·equation for QE,i.e. Equa"tion 6, 
\:· 
shows. that. N increases with coupling that becomes looser, 
because the external"~ quality .. factor, QE, must increase as the iload .. · · 
·ts decoup:I.ed. by sory.e method, such:, .as decreasing the siz·.e· -of 'the 
ou:tp11t .coup_l_ing ir..is ..• . . 
. 
- . 
R·eturning to Equation 5 and Equatiop: 6 shows· that these expressions. 
-may be us~d to define varying ranges. of coupling. They are:(1) the 
undercoupled case, (2) the ci;-it;ic'a.ily coupled case, and (3) the 
qv~t·ct:rupled. case. 
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.f 
•...: 
klystron equals its~ external Q.: ln· ,t:his case with 
and'. 
MRR ' 
.·, 
-
. , • .!"'· 
.. Using: t:ne: expr·e,ss·ion ·for r·eflec·tio.n- ·coefficient at resonance ;. 
'.:~ .l)"· 
.·=?,; 
R (~ RR RgN2) - 1 ,(. ' + ro: 
R (Ro -f- ~) + 1 
with R/Ro <~ 1 shows that for all .practical purpos ..es, the reflection 
coefficients, r 0 , is equal to zero. Case l the undercoupled case 
•. ,. 
,. 
I 
~--~~-~----~-~-... ----------:--·-. 
-
_-- .· ' 
------
------· ~· 
. - ------ - .- -- --~-----
.~~- -----
. ' 
, I 
i 
I ! 
' I. 
I 
\ 
l. 
t! 
·, I 
!. j 
.I 
~- -
) 
I , 
;· 
I 
I· 
l 
I 
l. 
1 .. 
';' 
i 
'; 
·a. 
p 
• 
L~L\:4i~ Resou ":m~ Lol\o~o 'c't ~f\To,to 
- _______ ...__, --·- ---··-... -- ···-·-·- ---- --·------.. .-..,.------ ·-. ···-----·--... -- .... ------- ----- -~ 
\~F\~~~~\SS\\)" \_\"E 0NL'/. ....... --
_____ , _____ ~-r ... ~.-.-- ·-------..-·-.... -~ ... ---- -
__ c 
, 
f 
I 
I 
I 
l 
\tt.R - - ,' 
0 
o------·· 
-~ 
t 
o-, ____ j
N 
i 
' 
' ! 
;-
' I ( 
• l 
\s t.Q\l\~-~L£~T 
I , 
L -\ 
i ' '' 
' 
I 
; 
·\ 
' l 
lK 
-\ 
. ' 
~ 
i 
f 
C 
e 
G-----------~ 
OuTPUT L,~t Of 
(,\,\~l~C,Eft\ST\C 
Rt HrtMKL I RO 
---o 
To. 
·,. 
R N1 I) .. 1· 
-~---
,-
.,.. 
0----1. 
' 
,, 
l 
ti 
0-----
Ro 
•. \ 
' i 
·! 
i 
' 
- ... \ 
'! 
·; 
.1 
'! 
r 
I.I . 
'I I 
i· 
:It,· . ; r 
:f 
·1 
·\ 
., 
i 
Lossless-! , 
~ 
Equ~valent circuit used· in d~fining external 11uality factor,~. 
resonator loaded by matched transmission line only is_ equi·valent 
of resonant shunt resistance·Rc,N2; therefore, QE = (C/L)l 2 RoN2 
'I 
to resonatOi 
; ' 
QE = MRoN2. 
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exists when the internal Q is less than the external Q. Tht1S:'., 
_· -· · _ ... -- .:'- ... - · ·· Equ· a· t··i· on ·5· and ··Eq·ua· t1.·on -6-- sh· ll"'tLF tha·t • ..................... _______ .. __ :.... ... ---·------·-··-~- .... ·--·-"'··~·-···-········· .. --·--= .... :_ ... : ..... ---···.: .• : .• _ • ..;.·.-.:.. .•.• ,:.-•... , ... ___ , ____ ..•. ~.--- ... .: ·,. _____ ' ... ' ........ ,.. _____ .... : ...... :,; ______ , ................................ - .............. -· - ... ...... . .. - .. . . -· - ....... . U:ff . - • 
"(Ro. 
RR / RoN2 ( 1. · · 
.If this inequality is substituted into--the expression for the 
·:r.e:fl_e:ction coefficient at resonance, it can be seen that_ for tbe 
,·~und.er·coupled klystron cavity r 0 < O. Case 3 the overcoupled ~ 
'.) 
"$ 
c:ase exists when the internal .. Q is greater than the external Q. · 
Thus, Equations 5·and. 6 show that: 
If this inequality ~s substituted into the expression for the 
reflection coefficient at resonance, it can be seen that for the 
overcoupled klyst:r:,on cavity, r 0 > O. · 
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j. 
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' I l 
.--- Equation 7 relates the reflection coefficients at resonance, r 0 , 
·r-· -. .. . -·. . - __ .... ·-····- -.. ,.. ..... ·.····-···-····--p ...... ----·-· . . ' - '' I ~ 
l 
I ) 
I 
l 
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C,-,.• 
''9 
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-- · .. -~. ---··-
. ... _·;· ~- --~. ~--- . ~ .. ·-•"' ... . . 
, ~h~-~~-f.+_¢_~t_t9r1_9<:>e~_f'icient off r.eson&nce, r1, ,-external_ quality 
factor, QE' to the normalized input impedance of the klystron 
cavity. The reflection coefficient r was earlier defined by: 
. ' 
r = ( Zin, _ 
Ro 
z.· 
1 ) ;· ( 1n 
Ro - 1 ) 
If Equation 7 is substituted into this expression for the 
reflection coefficient there results: 
1 + r1 2 
+ 1 
- r 1 ro - r r - 1 + 2 
? 
r1 
+ 1 
- r1 1 
- rl + jQE F ro - r1 -
-
.-.... \ 
or: 
'and t.he expression for QE becomes: 
~-- ... 
- ------- ... ·--
.. --:-- . -, 
- 1 
+ 1 
. - . -· .. --·-··---·---·- ··~ .. ·.. . 
~--
: ( r 2 - r 2) ( 1 - l'J ) 4 2 . 
F~ (r0 - r1)2 (\r\~ - r1 ) Eqn. 8 
where r 0 , r1 and r1 are as previously defined in terms of the 
equivalent circuit parameters namely the input impedance, shunt 
resistance and series resistance. 
Substituting Equation· 6 and Equation 5 into Equation 3 results 
-in an expression relating the internal and external ,Q's. 
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:Eqn. _9 
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Now utilizing Equations 8 anq ,9, there results an expression for 
internal Q, that • is: 
.. ·:. ( . 
t . --·-····· ·-· --- -, 
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~ Finally, the loaded Q, QL i:s, as·previously stated, defined by 
the following expression in terms of the internal and external 
1 1 1 
- - - + -~ ~ QE E. 11 .. · .·qn:~ 
~ 
:Eqµations 9, 10,. ·and 11 cle·fine the reflex klystron cavity '·quality, 
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14. 
·III. Theory for Determining Qr. of R~flex Klystron ., 
steady-state oscillation of -a reflex· -klystron -is expte·ssea· by ··· , -• •-••·• •""""""•~•••'-"' ea, • 
the expression Yr + Ye = o(7). ·ye is the electronic admittance 
. ' 
.cf the bunched electr;on stream. Yr is the associated passive circuit Jc 
---· .. 
b. f 
fo 
tan-¢ 
····- ...... . ·-·----------
- "--<- __ ,.._,,_,,.--,--s---~··r-· .,.=-.. ·-- ·-aami·ttance .·-·--·-F<:i°r ·osciliation to occur:. 2QL 
. . - ..... ----
.. - .. . .. -·· . - -
. ,· 
.·.: 
·-· ,<--,- ~-·-·- - '- _· ___ ... , • 
or:· 
.2Q1 (f ; f 0 ) 
.. 0 
- tan r (2lf) (n - 1/4 - ft.>J 
G· .. : 
QL - Loaded Q under "hot" or operating conditl;ons·: 
r;r-:l/·4. -- Nwnber of cycles of electron bunch ct.rift .in 
the reflector drift space. 
f ._: 
.-- :Frequency of QScillation 
space. 
' 
. 
;f0 - Resonant frequency of non-operatiri}lµystro:n 
·V 
.. R - Voltage between r~flector and resonator 
r 
.·2QL 1 df sec2 t 211 (n-1/~-ft) 2~ (-f at -fo dVR - dVR 
:.i·ett .. tng- f fo and. ft - n-'l/4 the expression becomes: -
. 2Q 1. df sec2 21r l (n-1/4 )-(n-1/4 )21t{-f dt ... L 
- -
-f dVR - avR 0 
~ 
.·. Y' •• (~ 1 t) df --r d.t . O~· • -- --· ~··'·. + 0 -:· . : ..t,:L..- -
-\\ fo d.VR dVR 
t 
- t 
df 
dVR 
~ ... - #._. ·-· ---- - •· •• ··--~-. - .... -- .. -~-... ,.-...... ,..,. - '"-. 
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15 •. 
E_quation 12 is· tbe 1~.xp,te·-s:-sion which is used to :determine Q1. The 
_parameter df /oVR i's tne modulation sensitivity of the tube when 
ft =- n-1/4. ~s.ed o.n an expe·rimental observation by Re~~a(8), · 
.ft < n-·1/4 ,is· ::op;ta.in·eq when maximwn power output at the ·frequency 
of operation, :e.xlst.s: after adjusting the repeller voltage to achieve 
·-tbi-s 't}o.hditioi1.. A further experimental determination by .Reed shows 
£n~t :tne f.requency of operation is giv.en as a linear funct-ion of 
.pep~:lle_r volt~ge: ·b·y the expression: 
,·"'.: 
t· _::; 'm, VR + b 
Neglect·ing .:space charge effects the klystron bunching theory 
.. : 
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t 4a {m/2e)Vo) 
( 
·--;:· ..... 
. .. 
.. w,n$··r.e;:: .m - el~tron mass: 
·-d = ~repeller to G2 grid distance 
:, 
· -electron charge 
,._,. . ·= 
·Y.:.C)' " cathode to resonat;or voltage 
·vR- - resonator t.o repeller voltage 
I This firs:t· order approximation gene rally suffices · to explain 
klystron eehavior. H~ever, to represent actual Klystr·on op~r:at.~ort·· 
·;· .,j 
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more accurately, the following expression is considered to be 
t - A B -· .. 
+ 
- VR2 + VR 
-.,, 
y 
where A,' B, C. • • are constants. 
Equation 15 does indeed result 
Using Equation 15: 
t 
+ 
Also f = n - 1/4 
t 
or: f 
B 
y2 R 
+ 
C ' ... 
vR3 
It will now be 
" in Equation ·13. 
then after neglecting higher order terms: 
f - g 
-
A B 
- + yR2 VR 
. 
·r - g VR ·vR \. .. ) ( AVR B + 
where: VR 1 1 
shown that 
) 
l 
...... -. _ .. :. ____ .:.~-. --: ..... ,• __ .·_..._ ... - .. , .. --.: 
. ·- ··---
Eqn. 15 
- / 
.·, 
~- -.:. ·•:, ;. ; 
--·-
./ 
"' 
~ 
- - + VRA2s + v82A3B + AVR + B A •••• 
or: f - g VR 1 ( - + A 
+ B' 
-- --··-·-c.~--····· _.._ ____ ·-~----. -<::-···--·--------- :;--- --'·----,- -- -- - ------- - - - - ~ --
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-- .......................... I .. . 
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VRA2B + 
+ c' ( Va 
;· 
., ... 
·• . 
., 
v82A3B + .. · .. ) 
+ 
. ·.. ) 
--·---· . ·-~ . - ,_,_ . ..,. __ -~ ,,- ... - - .... -~ ....... -·------·----- ~~- ------··· --·~-
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'' 
which establishes Equationl3 or: 
·- :r ; · ··mv8 + b 
. ·,:)·· 
.. ; 
and shows that the expression :fort (i.e. Equation 15) is correct. 
Since ft = Q, EqJtion 15 differentiated with respect to VR results_ 
- - - - --- ·-. - -
--· .... 
___ . _________ ....... ---····--··-······"·'·····. --- ----- --
. .- ...• ···•·· ... ·- ,- ····,/-:· ·:···· ........ ,--• . 
in: ,, 
f dt f A 2B 3C -
- (-yR2 - Va3 yRtt + ) av - - - • • • R 
,. 
• 
f( A l it is possible to -Also since g = B ) ' establish a 
. . . ' 
- + vR2 VR 
known Q1 = n1 - 1/4 at a\given repeller voltage v1 as determined 
by obtaining a maximum power output for the klystron. This can be 
repeated for Q2 and v2• Thus two simultaneous equations are derived 
.·\ for two repeller modes o:r tg~·l'J.y§t:ron. . . ..... -·- -·-··--· -----·---··--· · .... .'· -·---· ----· ------···-- ----~ ... . .. . . .... . .... _, .. _ .. , ......... -................................ ... u.......... ............... . .. .. 
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,~ 
from which: A = V1Q1 
f 
-
V2 (V1Q1 - V~92) 
f (V2-V1) 
B = ~ V1V2('V181 - V2Q2) 
( {V2 - Vi) 
Therefore: 
dQ 
dVR -
------ ~---------~ -- ----------~-.----- - - -- --
-------- ~-·------. --- - - -- ---
dt 
fo dVR = 
.. 
-· .. . . 
-91 
-Vi 
.V2 (V1Q1 - V2Q2) 
V12 {V2 - Vi) 
,,;).-. r 
'· 
Eqn. 16 
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··~· 
In this case ~or the tubes under test when substituting Equation 
16 into Equation -12:- ·- ·-- · -·-· 
-
- 1 
) 
- Eqn. 
Equati-on 17 -w-ith f 0 ---~ ···5-.·9··-Ghz·- , ·6.0 Ghz 
, 6.1 Ghz, 6.2 Ghz, 
6.3 Ghz and 6.4 Ghz, Ql = 2.75, and Q2 = 3.75 is used to 
determine the QL's of _the Klystrons wider test. 
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IV. Frequenci-Temperature Coefficient -- ~f/ Lt - Definition 
The frequency-temperature-coefficient of the klystron under·test 
is defined as the shift in frequency as a result of klystron 
temperature changes. All other tube parameters of the tube 
.... .,.-. ' .. , -- ... '·~···;·_:,. ...... ::.- ......... -., ., .... ····· . ···--·- ···-····· 
. - " 
--- ------ - . -------··- --------.. :,---------- ------such a-s repelle-r, resonator-, and heater voltages are hel·d. ·cons·tant·--~-c:_--,----.---"- .. - -- ---- ----
Specifica,lly, the frequency temperature coefficient - Lr/ l;. t is 
defined as: -~ ) 
() 
or: 
Where T1 - temperature in °Fas measured at a specific point 
in the klystron cavity after temperature stabilization 
has ·occurred. 
rp ' • ,{) . • . •• 
' - -
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'· ,, 
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T2 
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f2 
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T1 = temperature in °F 
klystron frequency of oscillation in Ghz 
r1 frequency in Ghz 
•, '\. 
·-·-··- -----·--······----------~-- . • . ---,.. _ _.__ __ :::._;_. _ ,,=-:,-...,...;.....:...--,.;..~ .. ~-·-. ;,_':,--~ .. ---:--...:-•. ---·--·-:-·---:-----.~-:-··-: .----------------. .,--.-.,..-----------··--------------------.~---~-·--·-~---.----.. ------=-----:·.--,...-....: .... ::.....: __ .:..-~-.:~---· ._ __ . _:____. _ __:~----_::: .. ·, ______ ,_-_: _____ - --------·· ------ -- -- -------~-- ---- -- - - --
"· 
'· 
.. ......__ 
~-
-~ 
·-~.1 
-~ 
·~·-_--_ 
-~ 
·········--·-·--·-- ' .. -· ......... ·--~---·· ---···· .. 
:,,,,,~, •• •, :- •• ''"'~ ,:• •,~ •,• • · •. •' ! --~ 1.,,,--•,,o•• .,.:,..:.•.,,; .. :,,;:.,,..;,,__:,,: ,o. • • ~.:;,_,,.,•. ~.:.;,;.,.,·,- ,...;. • ...:.~ .. -••••.:• •·--- -··---•-• .. -•,••-.•"."_;,_,._,_,;_ .:..,._..'. .:_••-•-·• •-,'.•'! •• ..'.', • ..:•.;,---·-•=•-_._• • -~: • .,. __ ., _:••••---- ··- : ... ,., _ .... ,• • ••• • • ••••, -"•" -, ••••••"••••••• -•·•-• ,•- ·- • ·- • •-·--,-·-••·-~·-·--" • ••'•a' ..:,.,. •••~-.:.. • .. ,_,.,•, ""' • ."'"'"'-"". -·-~•.•. ·.•-·.••"c•, .• -·., .• ,.a• ,··,.,••" • ... -•••- ••••••••'"••• •·• 
·-, ... -· -
- l 
---·-- -- -- ----------·------. ------ -- .- . -. -----
- - - --- . -·- . __ . - -----------.. --- .. --··--1 -------- --- --·--------~ - -·--·- --- ·--·---- ---- -··-· '-..-e--~-------- -·-· ·- - -~-· - --~-- ~··----- . --- --- __ ,__. ---. .. . . -- -- . '·. ·• . 
" . . - •. 
- ----·-- .----·-····· 
- . ' 
.-:;;..'.-_. - .. --::....;.;.:-·--,. -·----..... ·-~· ,. __ ...,..,.- __ ..:.-......;.:. . ..:. •.. -:.._,. -- _...:.._----------,.--
... ·, ' 
.;.,: .... -... 
. :.: ·-·· ·- . ,~;._ . , .. --.. ---,- \"' --· ....... -· 
' 
I 
I 
_j 
. ( 
20. 
V. Theory - Correlation Between Q and. Freg.uency Temperature 
- ·-- . - -·· - - - - . -: ...... -... ·- - . ----------···.· .. _____ -· -··----· ·· · Coefficient ( 9, 10) 
' . __ ,,.,. .. , _,. .... ~.-.:~ .. - -:· . . . . 
In order to establish the expressions for the relation between 
Q and Y (where Y equals the frequency_ temperat~re0 coefficient 
: · -~f / A tin Ghz /°F) at 100 Ghz increments throughout the frequency 
band of the tube, the following theory is presented as a foundation 
.for determining ·y = f (Q). 
In a correlation study n pair of values (i.e. Q1 Y1, Q2 Y2, • • • 
·Qn Yn) are known. It is necessary to prove that a straight line 
of regression can be calculated for these in pair of values. 
Definition: Given a number of points (Q1, Y1, Q2, Y2 ••• Qi Yt·······~. 
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these points so that the sum of squares of deviations (di) from 
f ··-., 
~:the points to the line are mininru.m. 
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.~. 
Slnce the line shown is by de·finft·ion. a straig~t line,: 't.he :following 
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where a . -= Y intercep.t. and .. b: · · · · slope a:{ tJ'.1e l,ine . 
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·b.y definition 
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voltage reflex oscillator-of .the external cavity type (Western 
Electric. Tube Type 459A) operated near 6 Ghz. Usually, th_e 
t-ube, is deviated mechanically in a frequency range from 5. 925 Ghz _ 
to 6_. 425 Ghz; however, in th.e -spe .. c~:al- case for this study- the 
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-t·ube was operated at si-x dia.c:t,~te t·oo mhz frequency intervals 
r.a.n_gtng f-rom -.5·:-..9:. Ghz to ,6.4 Gbz·-: 
di·.electri_c cylinder -wh,ic_h forms :part of the vacuum envelope:. 
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interaction gap- t-h~refore does not change when the tube is 
tuned. _Of f_µit-h~r interest is ·the fact that the d·ielectri.o 
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· dts.c:ontinuity of the vacuuni ie.nvelope inside the: c·avi ty makes 
,t'}:1e· accurate theoretical cd¢.u1ation o_f the ca:yity parameters 
:impossible • 
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:The tube :fs ·normally operated in the 2-3/4 mode with a nominal 
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_ _ _ _ .power output of .125 watt. Heater voltage and resonator 
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voltage is maintained at 6.3 volts and 400 volts respectively. 
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The repeller voltage is adjusted to·between 90 to 180 volts 
negative with respect to the ·tube's cathode to achieve maximum 
,, 
power output. Operation of the Klystron in the.3-3/4 is 
established by reducing the repeller voltage .t_o between -20: 
t.o -60 v6lts for the same frequency of operation which -i.s 
tis:eid in the 2-3/4 mode. 
,; 
The Klystron has a waveguide output and is flange mount-e·d. 
Stability of the output frequency over. a wide range of ambient 
temperatures is obtained by completely passive methods through 
.. 
the _use .. o·f liquid-vapor, cooling boiler--attached to-the· (?utput · 
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·vII. Testing Procedure and Equipment Used f'or ·netermining Fre.g.uencl 
Temperature Coefficient - ~ f /Lt 
... 
The reflex oscillator under -te·st op~rates in a frequency band 
" from 5.9 Ghz to 6.4 Ghz. In order to. mea.sure frequency changes 
in the , Kilocycle range, ultra-stable pOWer supplies arid jftea.suring· 
devices were used. Simila~ly, temperature changes were measured 
using a high precision potentiometer and appropriate thermocouple 
arrangements. 
' 
Each tube under test was attached to a chamber (boiler) containing 
·a boiling Flurochemica1(5,6). Both tube and chamber were insulated 
to minimize effects of ambient temperature f!tic'tuations. Extremely 
stable repeller and resonator volt·ages were obtained from John Fluke 
··· Powe·r Supplies·~·. Voltage drifts; "whl~h ·auririg··· the tw~-liour ... testing·----··--·--·-···-· .................. . 
time to determine the frequency drift coefficient of the tube do not 
<> 
exceed 5 millivolts, were.determined using John Fluke Differential 
, ·· Voltmet'ers. The frequency shift of not greater than ~01 Ghz can 
- ---- - ----- -- - - ·-· ----- ----···---·-----·-··-·---·-·-··········------------·····-·-······ ------
--- ----"·--·--·--··-~·--·-··--·--·----:--·-- - ·---· - - - -'---'-. ·--·. ' -----------··-···-····----·----
voltage change. This is minimized by 
I ': adjusting the voltages (if necessary) to their original value prior 
-· - ·- -·-- ...... -······-···- ••• ··-·-···•"-·· • --··.,:--:-: ·-. w ._ ·-.~.- • ." • "' •• _ _. •••••• - '" 
to taking readings. 
·,_.,.--·,........_ -
The operating frequency of the tube was 
determined from a "beat" signal with the thirtieth harmonic "Of the 
. . 
Transfer Oscillator. The Transfer Oscillator frequency "locked" 
on the output frequency of the klystron, was continuously observable. 
on a digital Voltmeter. The klystron ~perating frequency of 
....... _ ,~. ---~···· .. -- :, :. -·-·- ·-·· 
·--···--·-- - _- .- ·- rfl'' . . -·--·-~,----~--~=--
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approximately 6 Ghz was thus obtained with an error of less than 
)' 
. ---~, .. , ... ·--·-····-----··· . ·-····.··;,• .. ,. ..... - ..... ,_ .:·. . .. 
- 600 hz. --···· ·-A- t-hermocollple circuit--- connecte-a-- to the klyst·ron· under ··· ······ · ------------ ------- -- --- ------- ------,-
1---'c- ~ ---~-~""---~~------tes-t-and referenced against a constant. 32°F thermocouple junction 
] 
. -.. --.-~ ·- •"·.:--··-- ...... -,.~-·~.· '", .. 
. . . 
was attached to a Leed.s and Northrup high precision potentiometer. · . 
. .... ... , . ·~ . 
. . Klyst·ron temperatures' with a. . measur·emerit error of <no ioore than 
. . 0.1°F, were obtained. During tests, klystron resonator and heater 
voltages were ~00 and 6.3 volts respectively, Repeller voltages 
were adjustedrfor operation in the 2-3/4 mode and for peak power 
output within a range of 90 to 18o volts negative with respect to 
0 the tube's cathode. Tube t~mperatures stabilized at approximately 
250°F; or at the boiling point of the Flurochemical. Following_ 
measurement of tube temperature and. frequency, an increase in--the 
_Q pressure _on the. boiler li-quid., followed. by restab:l:lizatton, · ----- --_- ---- · · · '"- .. _ j 
. ~ • 
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permitte~-, .. ~ second measurement of temperature and frequency.-· The_ 
..... 
......... ! 
frequency-temperature coefficient of the·tubes was determined from· 
·this data. 
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VIII Test~pg ~ocedure an~ Equi~ent Used for .~~termining Q. 
The. 'equipment \ised · for· ·making the ·necesi:;ary measurements foi.-
I j 
·- .,.··~--··-- -----::.-.. ... ,~--'--;-·---~--- ·-······· - . -- - .... _ :a 
~ in the previous section. RefBrring to equation 17, the . ' ! . • 
1
- ........ -, , ...... 7 ,,, ., ..... - ... --- ·· .... - - ... --ope·rati-ng --f-reque·ncy ·f~· ·.·was· measured as previously ··described~ ··· ·· · 
. 
• !:· ' ''.i'l'>·::.. 
.. 
'· 
Modulation sensitivity or df/dVR was calculated from frequency 
·changes resulting from--a change of 0.1 volts ir1 repeller voltage 
at the frequency of operations. 
d 
.. (Note: The frequency ch-0bge thus observed was of the order of 
q 
magnitude of 15 Khz; the previously described frequency 
measuring apparatus made it possible to make this 
measurement with a negligible error.) 
. ' 
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was adjusted for peak power output in the 2-3/4 mode at the C 
\ 
frequency of operation. V 2 was adjuste.1 for operation in th·e 
3-3/4 mode and for operation at frequency f 0 • ,_ 
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IX. Qualitative Analysis of Experimental Procedure , _._...--··---·------ --- -----····----~--- ___ .,_ 
_,,-: . 
- -- '"••••-·~MO~-·-··-~----- ---~- --·--.' 
. ~ -
- . . ---_- __ :_: .. ·::::~ .. :_, .. :·:.~~-:·_:::_-__________ ····-··············Preceding· the· experimental work n_ecessary for completion of this 
- ..... --· ____ .... _ .. .. . . 
.... ·-·-:········: ________ ·~-'--"··~-'-~-=: ... :.-.C--=·--·--·······--··stiidy; ·the· :f'61iowing qualitative analysis was made. It is known 
that the Q of a cavity·(in this case the Klystron cavity) is 
indicative of the device's efficiency and is a function of the. 
cavity's geom~try(12). 
Furthermore, high Q indicates high efficiency; low .Q Indicates 
low efficiency. Heat dissipation {or energy loss) in the 
efficient high Q device is smaller than in the low Q device. 
. Therefore, a constant incremental external temperature change, 
as produced by changing the boiling point of a liquid in contact 
with the tube produces a different· internal temperature change I . • ·- . . 
- . 
..: ., , . .,, ..• -... 
-··,•·----·--···-······················"· ... 
) • 
·,.,· _.,.:;·".',.,•.", ..... /.:. '"-"'"·'·,•-• .• ,,, , .. , o•' ,•,, •-,•,._,,. •·• •.. ,. ·•··•· .,. _.., .. •• 
.... ······ ··········-·· .... , .. , . . . -~- -.---
. · for a:· high Q device than the internal temperature change . . 
~roduced by the application of the same external temperature 
. ./ 
variation to a low Q device. Or a constant extern~ temperature 
change results in different internal tube temperature changes 
,.. t O 'O O ~ O O O 
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for' tubes having differen~ Q's. The approximate expression 
·for the Klystron cavity resonant frequency f = c/'l\ ' 
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. ' (f = frequency, c =.speed of light, and A= wave]ength) where .. 
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shows that t,emperature caused frequency variations are ~the result 
.. ' 
,, 
~· 
.... 
-, _,__ --,····" .. ~~ ··~--,:, -- -~·· - .. "' ··:· ...... -
, 
I 
'· 
'. 
. 
. -- -. ---. -- -----. ~. . --- - . 
- .~.,.,- ·--.----- .-~ .- -- . 
--
. -----·----
---7-· ---·-~·· --. ~--____ :_..._ _____ .:..c-~~--·-.·· .. -, -~~-·-· · .;...~-'·-· --:~·· ~--.:-,-··.--~----· ... · <.·\ 
/ 
~-
.... ·.,.:.. 
,,,;• 
'· ~:~!~-:·~·?~'.r::_:.1~:~~}.U~~~-~~-~~-.~~---· 
. 
. ~~.,)_>'\'.:_ .. /,. • 
..•. 
-:-· .... - ~-· .-. --: 
- I. -
..•. - ' - "'.. . ,-
.. 
of geometric cavity changes. Thus, both the Q of tne cavity 
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Klystron's ge_ometry. .Based on this quaJ.-itat·ive · -analysi-s>,··1t·· · -· --·- ··· ... _ ....__ ---- - --
will be shown that using statistical analysis, mathematical 
expressions can be deriyed for the relationship between Q and 
l:.:f ,/ {~. t -at discrete· frequency intervals throughout the 
frequency range of the reflex Klystrons under test. 
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X. Conclusions 
- -~ -- --·---· -........ - -··--· The reflex klystrons·, r~doml.y_~lJ.Q~en._fro111_production tubes,· 
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to 6.4 Ghz. Both Q measurements and. frequency-temperature 
coefficient mea·surements were mad.e for twenty dif'f(:?:r_~nt. tub.es. ___ ...... --·"--·--·.:,. __ ,._. ___ _.,, __ :-------------·- --- - ..... -···. .. . ' --
The time necessary to conduct the Q measurements and the 
frequency-tempe\-ature coefficient measurements precluded IOOre 
than 120 tests. However, the statistical evaluation and the 
establishment of the-appropriate correlation charts at each of 
the six test frequencies is based on data which, although not 
large in quantity, results in statistically significant compendia 
as shown in Figures 5 through Figures 11. That statistical 
. significance e.xists i§_ evia.enced by the .f factors which range--. . r 
from 5.157 to 15.598 for the correlation data at the six test 
frequencies. (Note: for f factors of 4.410 and 8.290 respec:t'ively, 
statistical signiricance" 9f .. 95 percent ~d 99 percent exists.) 
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·summarized in tabular form.in Figure 11, it can qe seen that 
the two performance characteristics of the reflex klystron, 
namely hot loaded Q_, or Qr,, and. frequency-temperature coefficient 
at discrete frequency intervals, can be related by mathematical 
, expressions. It is important to note that the experimentally 
determined expressions thus could present the extremely useful I.. 
possibility of eliminating the test for frequency-temperature 
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coefficient, by replacing it with relatively simple and short 
------------·----------·--·----···------- ---- - -- - - - - - .. ·- - - -- - - -·--·-- ------
-- -- ----- -
~-,---~~.,----,.--,--,------·--·--------· - ·---· --- -
.. _time interval tests for. hot loaded- .Q. ___ , __ ....... --·-·-·--·--·""~-·-··.:- ...... ~ --· - --- ---:--··--· :·--· - . Relatillg the Q, -thus 
determined, t_<?_ ~~~ ... J'.:req~~-DGY"".'t.em:perature .. coefficie~t by-means -of· ···· - ····--····----- ···· · ' - • ' .......... - .... . • ... , ... ... o . ......... - . . : ...•. ,-; .. ~. ;::.,i.,-.·;,;. . ·- ... ·...... ............. • 
· the ·appropriate charts or nomographs established. for individual 
... .,. 
tube types, would g-i ve 5.i~+e anti quick i-esµl.'t~ fQt .... :fr_equency- -·-·-·-···:·-·--···-· -·- ,. __ : ------ - ··---~---·-------~--· ___ i,,.:.. _______ ,~------ ------ -·- --··---· ................ - •.•••••. ,.------ •••••.• 
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I· 
temperature coefficient at any pred.etermined frequency of test. 
As has been mentioned previously, the difficµlty in establishing 
noioographs of this nature lies in the fact that the ind.ividual 
tests for frequency drift coefficients are very time consuming, 
(i.e. testing time for each data point is long to assure absolute 
temperature and thereby frequency stability). However, once this 
difficulty is overcome and the nomographs are established, a 
~ pos_sible me_t~od presents itself ,herein, which eliminate~ .time . 
A·,. . 
con~Juning tests for frequency-tem;p·era,ture coefficient"s of the 
reflex klystrons. 
; .. , . 
It should, however, be noted that the inherent error in the 
,---·"·--·-·-------------'---:-----.-:.:--~a---·· __ ,_cc,:--------------eorrelat-i~orr·--betwee·rr-···Q;·--and·tne fre·quent:fy~temper~ture coefficient· 
(as evid.enced by the sigma limits shown in figures 5 through 10) 
makes it necessary to qualify any such method by assuring th~t the 
r~nge o~er which the frequency temperature coefficient may vary1 
exceeds the error introduced by the experimental correlation 
~ 
between this coefficient and Q . 
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39. 
Thus, the effects of temperature variations on klystron operations, 
--~-----.. ·· ------~------- - - .. ··-- ---·-· -· - . . --- --- --- ·------- ---·- --- -
·---'-"-'---· . '· ···-·-"-'--' -
----- ' ~ -'-~'='-C,-,- ' which have· become ·tmporte.nt With _the. newer. microWS.ve . Systems 
..... ~----· ·-··· ·- - ·····-------~------·-·:-·-: 
have been elimina. ted, can. be monitored by a related ... measurement 
this report d.emoristrates this possibility. 
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expression. , The· distribution is perfectly syDID:let:rical about its_ .. ·· · 
~-, · mean and has the familiar "bell .shape" which 1·s illustrated in 
Figure 14. The equation for the normal distribution, although 
expressed in various ways, is usually written as follows: 
P (x). -
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. Where P (X) is the ordinate to th·e curve for a given value of X. 
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Reflex Klystron Test Data ;,_::,_::. 
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1. Definition of Symbols 
v1 . = Repeller voltage (2-3/4 mode of ope·ration) .in negativ~ 
volts DC. 
-
·V2··:,- ·V3 = Repeller voltages for calculation o_f G. V in the 
expression for modulation sensitivity; namely lr/ ~ V 
in mhz/volt. 
. fl 
.. ;p.2. L._.· 
~ 
- -Repeller voltage (3-3/4 mode of operation) in negative 
volts DC • 
- Frequency of operation of Klystron, at v1 , in mhz. 
- Frequency of operation of Klystron, at v2 , in mhz • 
- Frequency of operation of Klystron, at ~3, in mhz. 
* :f1 - Frequency of operation of Klystron,. in mhz, at start. of 
- ----------- fr-equency temperature coefficient test, 
. ~ . 
. .. . ...: 
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•. 
Frequencies of operation of Klystron, in mhz, at -.Klystron 
temperatures' T2 and .r3 during frequency temperature 
coefficient test. 
Tr - . Temperature of Klystron, in °F, at start of frequency 
temperature coefficient test. 
, • I 
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· :T2 , T 3 = Temperature of Klystron, in F, during frequency · .. · f temperature coefficient test. · · l 
. 
-2. Determination of frequency of operation of the reflex Klystron. 
\. 
Frequency o:f operation (f1 \ is determined ;from the following 
expression.: 
-
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Test 
Parameter 
v, 
-
V3 
f2 
Vf 
f~ 
Tl 
T3 
V2 
f'i, 
f3 
ff 
·~* J.3 
T2 
I -
i 
l 
; 
i 
I 
l 
I 
. I 
' 
I 
' , 
I 
_ , 
I 
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5.900 
517.00 
517.10 
5i6.90 
195.66565 
195.67165 
195.65900 
435.88 
195.66480 
195.59400 
195.66469 
252.0 
259.7 
252.0 
520.00 
520.10 
519.90 
195.66700 
195 .67212· 
- 195~66100 
436.48 
195.66550 
195.60087 
· 195. 66562 -
I 
256. 3 -
263.8 
256.3 
0:J . 
·j;j . 
• J • • 
·iu:FLEX KLYSTRONiPERFORMANCE DATA 
I 
I 
6.000 i 
525. 26· l l I 
525.36 . i .il I ! 
525 .16 / 
199.000~1 
199.005~ 
198.99536 · 
439. 71 !· 
199.00160 
198.93359 
199.00541 
I 
257.9 
265.6 
257.0 
526.33 
526.23 
526.13 ,; 
I 
I 
I 
I 
199.999~6 
199.994!.8 
198.994~0 
439.03 : 
198.999~2 
198.93~vo 
199.003B9 
251.6 : 
260.5. ! 
251.4 ~ 
! 
! 
i 
! . 
i 
i 
I 
r 
i-
i 
! 
r I' 
i 
1-
1 
i 
" I 
Test Fre~uency £Ghz) 
6.100 : ·: .200 
531.56 
531.46 
531 36 i ; . ; . . 
202.33309 _ 
202.33853 .: . 
202.32744: 
443.42 I .· -
202. 33288 .: 
202. 2s90p : . 
202. 36730.. , _ 
254 .• 7 I· 1 • 
262.6 : . ' 
250.5 
<. 
531.52 , 
531.42 j 
531.32 ·. / ; 
202.33306.; 
202.33833. 
202 .:327q6: 
442.22 I ; 
. 
I 
I 
202.33215 
202. 270~0: ·. 
202.378l3' 
253 • 5 i I 
I : 
261.5 .l 
.248 .. 6 ·1 J 
; I, 
l'" 
.! j ,< 
I 
-: 
., 
I . I ..., 
l 
' 
' 
537.54 
537.44 
537.34 
205.67133 
205.66600 
205.66061 
447.10 
205.66612 
205.59672 
205.66570 
250.2· 
257.7 
250.3 
537.62 
537.52 
537.42 
205.66623 
205.67171 
205.66077 
445.31 
2.05 .66646 
205.58395 
205.66607 
248.3 
259.4 
248.4 
) 
·i: 
6. 300. 
543.66 
543.76 
543.56 
209.00394 
209.00942· 
208.99838 
450.9 
209:00188 
208.89326: 
208.96710 
249.5 · 
261.4 
253.2 
543.69 
543.59 
543.49 
209.00581 
209.00047 
209.00526• 
448.63 
209_.00064: 
208.89203 
208.96587 
247.~ 
260.4 
251.9 
•; 
,. 
' 
f i 
' I 
.. 
f , I 
! I ! I 
i I 
i · I 
I J 1 . 
I 
. [. 
6.i4oo 
I 
I I . 
. , 
I ) ! 
; T ! . 
549.84 
439.94 
549.74 
212·.3344~·-_ -
212.3399<)) 
212.32870 
454.4 · .· ; 
212.33430 · 
212.25876 
212.3344~ 
252.8 / 
260.9 
252.S 
. 549.89 
549. 79 , 
549.69 , 
212.3386.8 
212.333do 
212.327~9· 
451.83 / ·• 
21.2.326~0 
212.24759 
212.326]/.o 
i 251.7 1 i 
260.2 ; 
251. r7 
• 
i 
l 
. • 1 
\ ! 
Tube 
Nwnber 
1 
Tube 
Number 
2 
·• 
I 
~ I 
',. . 
j 
·i 
Test 
Par~'!leter 
"1 V2 
V3· 
f~ 
.• I 
f -· 
.2. 
vr 
f3 
4'* f2 ·l 
.v. f- .. 
• 
-3 
Tl 
'" 
T2 
~3 
:! .. 
V1 
V2 
V3-
··.•f.,. 
·f:·2· -
·r 
r, 3 1 
r* -
-f'* l 
-2 
' r* 
m 3 
.Ll 
T2 ''11• 
T3 
\ . 
i 
.,. t 
i 
' 
I 
:· 
i 
l 
I 
-. 
5.900 
517.03. 
517.13 
516.93 
195.66754 
· 195 . 67236. 
195.66032 
436.11 
195.66603 
· 195 .58376 
195.71359 
260.5. 
269.1 
255.1 
'521.04 
521.14. 
5·20. 94 
195.66642 
195·.67126 
195:66038 
437.06 
195.66684 
195.58287 
195 .• 70723< 
252.5 
261.3 
247~8 
.. 
.. , -
1, . . 
I 
- I . , 
I . 
I : .. 
' I 
• j . 
I . I . 
! 
1 : 
' : ' 
' \ ; 
REFLEX KLYSTRON PERFOIDI.ANCE DATA 
Te!st. Frequency 
~000 .lOO 
5?6 .\15 
526.\05 
525 .1i95 
I 
199.:00258 
199.:00796 
198 •1.99672 
439.i63 . 
199.,boo50 
198.82298 
192 .. 99950 
254~~ 
263.5 
254. fJ 
. ' 
. i 
i 
,527. 23 
527.~3 
527.i3 
199.00030 
199.q)o560 
I 
198.$9490 
439.]2 
199.cpo427 
198~92003 
199.~0124 
247 -~ . 
256.~ 
247-~ 
l 
i 
1· 
·1 ' 
i 
! 
' 
' • i 
.'.• 
536 .. 15 
536.¢5 
~~5 m5· /.J •'Jl.' 
202~]3360 
202.33888 
202.3-2814 
438.$7 
2·02. 33988 
·202. ~5"062 
202·. 33Boo 
4 '. I 25 ;.a· .. 
I , 
263 .f4\ • 
254. 7 · 
J : 
531 ~05. 
531;1!5. 
530.95· 
·202.33428 
202·. 3B968 
. 2·02. 32872 
442. 6n. _: 
, , I , I 
202.33292 
202. 247·22 
202.33204 
247.2) :·· 
256.0! 
247.2! 
~'.. 
. ' . 
\ ·.·· '. 
,. l, :·. ~ 
l 
'j: ·: 
·-- '. .~_;· 
--•·,,-•-,-,·,·-· ".,.,.. -,·• • • '•o· ·,. ,. '.- ···~ • '• •--.;~,··<-,·1,•'"'.-...--~a.,.,__...~ .. ~ • 
. 542.38 
542. 28" 
542.18 
205.66604 
205.67l46 
205.66048 
447.13 
'205 .66477 
.205. 58516 
205.66190 
262.3 
270.8 
262.l 
5'38.97 
539.17 
538.87 
205.66715 
205.67311 
205.66109 
446.76 
205.66423 
205.57706 
205.6647i 
247 .6. · 
256 .. 0 
:247. 5: 
)( ' 
. , 
,· 
1 
' 
' ;
I 
I 
l ! 
.300, 
549. 57 · . 
549.47 , 
549. 37 : 
209~boo2b 
209.ooi580· 
. ll 208.99459-
450 .06' : 
209 •. 00148. 
~08 . 91669 · · 
. :209!'0006f 
262.0 
· 270,. 8 
261.9 
544.84 
544.94 ', 
_ 544. 74 ,1j 
209.00010 
I . 209.00~95 
. 208. 99~28· 
44·9~·93; 
209.00t57 
208 .. 908199 
209.001!14 
252.5 / 
261·.4 
252.2 
·' 
.:/ 
I 
I 
·, 
I 
. ! 
! : 
•,1 t 
,i ·l 
,: ; .. 
' . 
~· ~ 
·!', i . 
: • I • 6 
I • . 
1: 
I 
l J' I . 
i 
i 
' ~ . 
i 
I 
~54i. 71 
-~54.01 . 
· ts4.51 
. ~12 .,33360 
I ; 2l2 •. 33902 
t12 .. 32822 
t53.53 
; ~12 ,. 33360 
¢12. ~:1~954 
J12 .·3!3359 
261.4 
270.3 
t, • • 
~61..4 
; 
. ' 
550.53 
~50.63 
~50.43 
~12.3s300 
-~12.33918 
~12.32680 · 
-~53 .42 
212.33325 
2112. 2·3988 
2/12. 33316 
2152. O. 
2~1.1 
2B2.o 
l ,. 
r 
i 
' .l 
1 ' 
.: ·e 
Tube 
Nwnber 
3 
Tube 
Number 
4 
• 
. 
-, 
---·. 
~. 
61"''1 
' ,i~ 
·.··.*_~_. . 
' 'J 
~] -
t' 
\ 
Test 
Pa.rahe~er 
v, 
- V2 
V3 
.p 
... , 
-f2 
f3 
V* l f* f2 l 
-r"*· 
-3 
Tl 
T2 
' m 
J. 3 ! 
V1 
·v3 
V2 
.p 
-" l 
f2 
f3 
v* 1 
~ff 
' 
.P* I 
·2 
r* 
T 3 
·l 
T2 
T?: 
:·J 
. ' 
' 
:.~. :· : 
. ; 
i 
, , 
r .. 
i 
f' 
!' 
! 
·/ 
t 
' 
·r 
' ;: 
i 
·,· 
" 
. ' 
5.900 
515.89 
515.99 
515.79 
195.66631 
195.67141 
195.66123 
436~73 
195.66754 
195.60010 
195.66701 
2~7.1 
255.7 
246.9 
531.04 
531.14. 
530.94 
195.66691 
195.67091 
195.66191 
·443.01 
195 .66569 . 
195.60252 ~ 
195.66223 
251.0 
259.5 .. 
251.l 
• ,.,.. ,..... __ ~_;_-•·----. ___ .... ,__. __ J ___ ...__~r.ii.!~i""'°-~l-~t3'"'--,'l~--!:'or'.C, ........... .,_,~, ... ._;J.".~"~""J;•~'.',~.-""'~'•"'°.•'•'•~,•-... ~ .... ;,,,~;,•_,_,.<K•~...._,.-.,<'•~;·~c--"'-~a--,~""-0..:.\C::"'!~ t-",,~'i' 2·';,~,.~~~~,-.:..;.,,,.,.,.,•: 
1 
1= 
I ,. 
I j. 
1.: I: _.. 
I 
i 
i· 
i \ ~'REFLEX KLYSTRON PERFORMANCE DATA 
; 
I 
I 
I 
.·000 
525.~3 
525.~3 
·524. 03 
. r • . 
.., 
·199.0G070 
199.00562 
198.99632 
440.4,9 
199 .. 00012 
198.92635 
198.99715 
245 .91 
255 ~ 4! 
246.ll 
538.ob 
538.1b 
537.gb 
199.opo39 
199.0~475 
198.9~589 
447.5b 
199.ob373 
19s.9s549 
198.9~31 
250.0i 
259. 21 
250. 3l 
l 
I 
i 
I 
l 
'· 
-~ ! 
.j 
i 
Test·Frequency Ghz) 
.lbO 
i 
537 .90 . 
538.oi 
537.8• : 
1 . 202.3l329 
:202. 3]7159 
:202. 3~895 
:446. 59. :: . 
·202.33316 
2.02 • 2Ef,04o ,. 
• ,j j ~-. 
,202. 33191 
·246 • 0 I .;.r 
I 
255.3 I 
246.:l ' i 
' . 
. · 542.oi : 
542.11 : · 
54~.9~ '.. 
·202.33262 
202.33688 
202.32802 
448.83.; 
202.33128 
202.2(57f57 
I. , 
202.33200 
25·0.o.! .: 
' . ' 1 
259:.0 i 
2, ··_5···0·· · ·2 1 . .•. . .• I 
I 
l. 
i 
! 
·:· 
' i .i . 
I '\ I. .·, 
l. : !' .• 
-..; l ! 
-- l -
. ! 
i 
' ' i. : 
I 
' 
.: 
.200 
543.94 
5~-4.04 
543.84 
205 ~-6661.0 
.2q5.67124 
~05.66094 
449.71 
205.66439 
205.59503 
205.66258 
·245.9 
254.5· 
246'.0 
544 .-02 
544.12 
543.92 
:~05·. 66718 
205.67248 
·205 .66208 
450.69_ 
205.66793 
205.60171 
205.66481 
249. 9 · 
258.4 
250.0 
. l 
. 
.300 
549.61 
549.70 
549.51 
I 
L 
i 
., 
l' 
i 
I 
I 
.I 
'i 
. ' i 
i 
' ' 
209.00000 i 
209.00484 
208.99474 
452.73 
209.00050 
208.92095 
208.99622 
·245 .8 
255.4 
246.1 
5·59.06 .. 
559.16 
558.96 
208.99970-
209.00458 · 
208.99462 
45.7. 46 : · 
209.00067 
208.93143 
:208.99755 
250.6 
-259.8 
·'2.5.0 •. 9 
; 
i 
! 
' 
i 
' 
' 
' 
./ i 
i 
l 
I 
l 
' -; 
l 
' ;· 
i 
I 
i 
l 
! 
i 
i• 
+ !' 
; 
i 
l 
-~ 
I • 
I 
; 
i 
l' 
I 
' . 
' 
' 
5$3.5f 
5$3.66 
55, 3. 46> 
-2i2.33295 
2i2.33775 
I I 
2l2 .. 34847 
455.07 
212~33372 
I :i 2]!.2. :25 550 
2Ji2.33208 
~~;:: i 
2~6.0 • 
' i 
566.4~ 
566. c:3; 
' ..; . 
-5~6. 33 
. 2]2. 33340 
. 2~2. 3~854 , 
2]~2. 32826 
4~1.59 
2l2 • 33r330 
2~2.26i230 
. 2]2 .33083 
25\0 ~6 • 
2519.6 1 · 
2510.'8 :· 
I • l • 
r 
l 
i 
I 
'l 
.., 
:t 
·i 
.·, [. 
!'" 
I 
j 
1 
I 
' : . 
i ' . 
• t 
Tu.be 
Number 
5 
Tube 
Number 
6 
·'--"-·-L---·•·I"·-··--·'· .. • _,._, ________ """ 
• 
~ 
• 
•ii 
II 
I 
• I 
I 
I I 
I 
r1ii·- :'·=··-~-..-.....-----------•--• ........ , ...... -JJ:? . ! 
. ! :. l 
-~ ! 
•. l ! 
-! . J 
. . ·11 
·_. i) 
I .. 
· I. 
' 1: ·,,J. I 
. l 
I 
I 
/ 
I 
. I- . REFLEX KLYSTRON PERFOIDft.A.~CE DATA 
. -.-, .. 
' 
\ 
' I 
I Test 
Pa~amete~ 
V . 1 
V3 
f2 
V* l 
* ·f2
Ti 
T3 
V1 
V 3 
.f:' 
.;.. 2 
\~ l 
* .' f2
T, 
.&. 
T , 3. 
,V2 
f', 
-~ 
f '2 
J 
~ f1 
+'* 
"'- 3 
T2 
V . 2 
.0 
·1 
:r3 
r* 1 
:r* 3 
:· T2 
I 
i 
I 
i 
t-, 
! 
i 
i 
• 
. .~ 
5.900 
528.67 528. 57 -~ . 
528.47 
195.66610 
195.67129 
195.661~9 
441.57 
195.66603 
195.59169 
195.66558 
-251.1 
260.9 
251.3 
530.68 
530.78 
530.58 
~ 
195.66530 
195.67003 
195.66030 
443.03 
195 .66548, 
195.59248 
195 .66281 · 
253.9 
263.5 
254.2 
. I 
· .. , I 
I 
i 
! 
i 
i 
-.QOO 
535. rO· 
535.~o 
535/~o 
197.~9960 
. 198.00490 
197.9i9576 
443.$0 
197.99967 
197.92572 
197.99928 
. . . . I 
. 251.31 
260 .8\ 
251. 2)· 
i 
l 
' 
1 
541.69 
541.79 
541.5~ 
197.99955 
198.00417 
197.99477 
447.6t 
198.·0.~045 
197.9to30 
198.0¢068 
254. 3 ( 
263.5\ 
254.1\ 
! 
'1·, 
'.,• 
I. 
i· 
. ; 
.- r 
· I 
i 
·.1_ 
Tes\t. Frequency 
1 10.0• 
·~ 
' 
542.57 
542.47,.~ 
542.37 I 
,. 2~2 • 3 t'L421 
-202.3t907 
·202. 3?.917 
447.i~ : 
202 •. 3$4(56 
·202. 2;84 7. 
.. -202. 33465 
251.0! 
260.4'i -
250.9\ 
. ' 
547 .89 · 
547.99 ·: .. 
547.7~ 
, 202. 33326 
202.33891 
.202. 338$1 
451.2ct : 
202.33,6?.1· 
202.2~423 
. 202.33292 
253. 9 ! .; 
262.8 i· '. 
. i ; 
253. 5 I : 
i ·'i 
I ' ! !:: . 
l !' 
,i .. 
l 
·! . 
.i .: 
I . , 
.j '' '! .';. 
I ' r , . I . 
• 1 
l 
I 
546.57 
546.47 
546.37 
205 • 667.02. 
:205.67185 
205 • 6.62-19 
449.45'· 
205.66310 . 
205.63570 
205.71117 
·250.6 
260.4 
. 250~9 
554.68 
554.78 
544.58 
205.666Q.O 
205.67040 
205 .66160· 
45_4.lO 
205.66703 
205.59346 
205.66466 
253.3 
·262 .6 
.,25.3. 7 
-~-.=,,s,,;-,>,:."""""">"''""'"""'"'f""'---·-- -
j 
I 
~-
.300 -
55.3. 67 · 
553.57· 
553.47 - ' 
209.00000 
209 • 00484-4 
208.99510· 
453.23 
209.00081 
208.933?0. 
.209.03530 . 
258.8 ·, 
267 .1 . , 
254.9 
561.97 
562.07 -~ 
561.87 . 
209.0QOQQ e 
209.00450 
208.99550 
457.90 
209. 001_88 · 1, 
~08.93632 
209·.03371 
i 255 • Q I· 
263 4 . ,· t:. c·' • · l ~ 
251. 3 , t' 
·, \ 
1· 
l 
I -
'i 
. I 
. ,., I 
! 
i 
i 
! 
i 
I 
i 
f 
i· 
! 
I 
1· .. 
! I: . 
l 
l 
: 
559.E3 : 
559. 53 \ 
559 4~ : . . ~ ; 
• 
212.33315' 
212.33793 
212.32834 
456.5j 
212.33383 
212 .. 26298 
212.33372 
254.:~ 
262 .8 l 
254. 3 l 
. 
. 
5/L6 O"j: o • o_)' 
5(56.93 
5~6.73 
212. 33:300 
212 •. 33751 
212.328'-,-9 
. 461. 84i 
' . . 
2 ,;') ?'JL.l' 7 ~ . ..)...;, . 
2]li2 2r r- ~~ 
' • ..l;J .;.J 
I I 2)42.3341( 
250.7" ! 
"! ; 
2519.0 
25\0. 7 
l • 
' i 
! 
i 
' 
' .! j i ' 
1 
! 
i 
I 
I 
I 
! 
. ! 
1· 
I 
i 
i 
\ 
~""·" 
Tube 
Number 
\ 7 
Tu.be 
Number 
8 
··-
• 
.;:-
\0 
• 
J 
• 
... 
1 
l 
; 
' it 7 
1 ;·< . ,; 
-~ 
~ 
. i 
i 
I 
i f~ 
"' ?, 
.~:t §-; ··-t 
1 
I 
I 
I 
l 
'1'est 
- ! 
Parameter 
,, 
' 
Vi 
V2 
V3 
;r.-
. , 
.... 
f'2 
f3 
V* 1 rt 
* 
1 
.r2 ! f3 
~ I 
"" I ~2 T' j 3 
Vi 
= V2 
\r 3 
. ·. f', 
-. f. 
·2 
f 3 vr·- lf* I . . 
.p-k- l 1 
' 
.... 2 
1r3 
~-
: ,,.,2 1-i 
~3 I I 
r 
.I 
l 
I 
I 
I 
,I 
·1 ... 
t 
I 
i 
I 
l 
1 
.. 
5.900 
513.58 
513.68 \ 
513.48 
195~66582 
196.67108 
195.66055 
431.63 
195.74299 
195.65240 
195. 74315 .~ 
278.5 
290.3 
278.5 
" 
522.33 
522.34 
522.23 
195.666i7 
• 195~67073 
195.66175 
437.63 
195.666~7 
195.59517 
195.70020 
253.7 
262.8 
-l' 248.6 
iJ 
.. . . 
' . ' ,, 
·1 
i 
' l ' ! '; 
l . ; 
t ' 
l . 
! 
I 
I j 
:I 
I 
i 
' 
i I 
·REFLEX KLYSTRON PERFORMANCE DATA 
52l.5f 
521.6~ 
521.4~ 
199.0(j)OOO 
199.oq>536 
1981?.9569 
435 .4~ -
199.0Q188 
198.94198 
199.00188 
278.2 \ 
286.0 1 
278.l I 
529.1q 
529.20. 
529.00 
199.oqo1s· 
199.oq422 
198.99603 
440.661 · 
199.00~18 
198.93742, 
199.00.082 
248. 5 I 
257. 7 : 
248.5 
i 
,Test Frequenc Ghz) 
.100 .200 
i 
' 
530.48 
530.5& 
530.38 I 
202.33301 
202.33812 
202.3~790 
439.88 ·: 
202.33501 
I . 202.2'"n301 
202.331541 
277. 7 ! ,', 
285. 3 \ 
I 277 .4 l 
' ; j 
i . 
...... ! 
534.55) 
534.651 .; 
534.451- ·: 
! ., 202.33Bl5 
202.3375\3 
202.-32$~5 
443 .46-f · : 
I . 202.33~50 
202.26$16 
202.33267 
248.5 L :_ 
257 .6 J .. 
-.248.5- \' \ 
I '. 
1. ,. t . . r . 
r: . ; I· , 
I'' : 
I • 
! J.-
r.. '. :.' 
1 ' j. ., ;. ':r. : 
1. . 
! 
. i ' 
I 
! 
1 
538 .. 66 
538.76 
538.56 
205.66609 
205 .. 67116 ~ 
205.66030 
444.15 
205.66644 
205 .606'78 
205.66818 
277 -~-
284. 8 
276.9 
541.36 
541.46 
541.26 
205.66600 
205.67093 
:205 .66126 
446.43 
.205 .66658 
205. 59478 
205 .66633j 
248.4 
257.8 
248.5 
•· 
.300 
543 .82· 
543.92 
543.72 
209.00001 
209.00534 
208.99460 
448.51 
208.99991 
208.93796· 
208.99780 
276. 7, 
284.4 
276. 9 _ . 
547.29 
547.39 
547.49-~ 
.209.00010 
209.00472 
209.00538 
449.54 
209.00029 
208.92783 
208.99825 . 
248.4 
257.8 
248.6 
..~· 
I 
. ··--.----,,----
j 
f 
'i < 
• i 
! j: 
I 
l 
• . j. 
1 
·I 
r 
l 
i 1· 
-r· 
' i 
. i 
I 
l 
1 ' 
' ; 
549.99 \ 
550.09 \ 
549.89 i 
212.333q3 
212.33:836 
; i ~ 212. 32:779 
452.87: : 
212.33237 
212.263?!1-
' I 212.32140 
277.8 1 i 
285 .9 l ! 
-278. 9 : 
554.38· . 
554.48 i. 'i 
554.28\ i 
I' - · 212. 33]0[9 
212·. 33~1~ 
212.32¢18 
453·.0l, 1 
:212.33314 
212.2597~ 
212. 33]0,(0 
248.4 : I 
257 .8 I j 
I 248.8 I 
• .. \' I 
\ ·.\ 
·1 1· ., 
·I 
'j 
I I 
! ! I 
' - \ l 
-, 
1 
Tube 
Number 
9 
Tube 
Number 
10 
• 
V1 
0 
• 
\ 
-.: 
- - - ..... 
_____,_.... 
~ ~ •' ' , 0 
-:-, )s ' '- - ,- ' - 0 - '- L: - - •1:. _;,, !_,'O r • .: ... ..-•' / •• • ,:;\ ~,-_ • :.:-. ,V > ·~·, .. _ ,, •~ !...;J..;',,c,.-;:..:.., ... ,...::_~~·'("...f, --~~·-. -,.,:.,,,~ :_,__,,.,..-,.;.,:...:•(;' Jljf;,:• j ",.C,>"' ~-_,~:e;.j~ j ~~ 
, 
., 
l 
I 
I 
I 
I 
I I , 
. I 
l·: 
i, 
i 
' . } ' l i 
\·' '. 
1 · : 
:I . i: 
! ' 
I 
i I 
i 
\ : 
1 . ! 
i 
! 
I 
I 
REFLEX KLYSTRON PERFORMANCE DATA 
\ 
.. 
i 
Test 
Par9..'1teter 
V, 
.J.. 
V¥: l 
f * 2 
T1.· 
m 
~3 
T, 
-
f! 
·, T 
2 
r* 
·3 
r '!2 
; 
~ 
5.900. 
525.01 
525.ll 
524.91 
195.66633 
195.67141 
195.66156 
439.3 
195.66647 
195.60251 
195.70784 
• f 257. 3 
265.6 
251.5 
523.01 
523.11 
522.91 
195.66686 
195.67191 
195.66203 
439.40 
195.66983 
195.60000 
"195 .. 70812 
254.1 
262·.3 
248.2 
• 
\. I, 
I 
I ! ' 
1 
.QOO 
532.3i6 
532 .. ~6 
532.26 
199.qooo3 
199.00443 
198.9:9523 
442. 5! 
198.99946 
1 198.89(Sq8 
199. op21~2 
251.5\ 
265. 51 
251.1: 
' 
;., ' 
531. 5·B 
·531.6B 
531.4s 
199.00047 c 
199.ob481 
198.99599 
442.80.. 
199.00110 
198.89519 
199.opo.11 
247. 5l 
261.41 
247 .Oi 
.539.3l-. 
539~4+: 
539.21: 
202.332.98 
202. 3311;78 
202.32811 
I i 446.0l t. 
I • 
202. 3~3!86 
202.26123 
202.3~979 
250.9J., 
260.5 ; . 
251~4 \ 
537.4~. 
537. 541 : I . 537.3~(-
202.33263 
202.33764 
202.32763 
446 .9q '. . 
202. 33\400 
202.25~44 
202.32617 
246. 7~ 1~. 
256.4 ,f', 
I • 247.4 l: 
1 ' 
J 
I • i i 
: .. ! }·.·· 
., ' 
' ' I , 
I 
'I I , 
I ' 
· ... J 
. I 
I : 
f 
! ; 
I 
\ 
i 
546.35 
546.45 
546.25 
205.66625 
2.()5 .67119 
205.66132 
:449.55 
205.66760 
205.59472 
205.66490 
251.3 
260.7 
251.7 
544.44 
544.54 
544.34 
205.66610 
205.67144· 
205.66079 
449.74 
205.66737 
·205.58989 
.. 205 . 66113 
247·.l 
,256. 5 
·247 •. 6 
• 
• 300 · 
552.22. 
552.32 
552.22 
209.00015 
209.00503 
208.99515 
, 452.·72 
209.00136 
208.9275cf 
209.opo7~ 
251.4 , 
266.7 
251.6 
551.19 '~ 
551.29 
551.09. ,! 
· .2·09. 00029 
. 209.• 00546. 
208.99508 
452.10 .; 
209.00298 
208.9246d 
208.99843 
247.4 : 
i 256.6 . 
247.4 
• !' 
' f( 
'·. 
j, 
I 
i: 
.1 
! 
I 
;i 
! 
/ 
' i 
j 
!_ ~ \ i I 
·I 
I 
:·L 
.! 
L 
_;. .
i• 
! 
: 
! ' 
i 
! 
: ~ 
i ... 
5p9.19 
5p9.29 
5f59.09 
2!12~33380 
2n.2.33880' 
212.32878 
4B6.1a 
I 2h..2.33302 
' 2ll2. 251716 
212.33298 
2~1.3 I 
2p0.8 : 
2~1.3 
! 
.;-. : 
,, 
·O: 
Tube 
Number 
11 
Tube 
Number 
12 
.. 
\J1 
..., 
• 
-----r--------r----r--i. -----.,---,. I-~--; 
' 
l 
l 
I 
I 
l 
'' ~-3, 
:.";1 -
.·\_._ .. 
-
,> 
' 
' 
I 
Test 
Pa~a!!leter 
v, 
- V2 
V3 
=-1 
f2 
.p 
·3 V* 1. 
.£! f2 
.;:•* 
Tl 
·3 
'T' 
m 
... 2 
I 
-3 
V1 
V2 
V3 
·~ 
f2 
·1 
~ 
·3 vr : 
~* 
--
~* 
.I.. l 
-2 
~* 
T, ·3 
.J.. 
:'T.'2 
-· T3 
' 
I 
I 
,, I 
, . 
. , 
! 
1 .... 
! 
I 
·'· 
I 
I. (; 
·! 
I 
' 
,; 
I 
! 
( 
!1 
·' 
ril 
j 
,i, 
I 
; 
i 
j 
,' 
.. , 
'\ 
l 
i 
,, 
·, 
1 
:i 
::· 
r 
I 
.., 
5.900 
522.54 
522.64 
522.44 
195.66567 
195.67059 
195.66061 
. 4 38. 75 
195 .66634 . 
195.59093 
195.69617 
256.4 
265.0 
251.5 
522.18 
522.28 
522.08 
195.66600-
195 .67129 ·. 
195.66064 
u39.48 
. 195 .66487 
195. 59L.g2 . 
195 .6e160· 
262.2 
270.7 
.,260 .. 5 
~ 
i 
' ' I ·. 
l ; . 
; i 
! ' I i i, 
l I 
; i 
i j 
i i 
, 
-~EFLEX KLYSTJ:lO~ PERFORMANCE DATA 
.000 
529. 5·5 
529.6~ 
529.45 
199.oqoo2 
199.od491 ~ 
198.99514 
441. 9~ .. 
199.oop89 
198.92b30 
_199.99850 
. i 251. 3- l 
260.9 \ 
250. 7 i 
i 
1 
531.47\ 
531.571 
531.37\ 
199.00043 
199.00534 
198.99540 
443.67\ 
199.ooJi,91 
198.92473 -
198.99047 
259.6 
269.2 
260.2 
j 
\ 
·1 
l : 
i ' 
. ' >: ' 
; 
Test\ Frequency 
.100 
. . . 
t ; : 
536.54[ \ 
536.64 ! \ 
536.44 \ l 
' 202. 33361 
202.33~~8 
202.32894 
1~45 .44 1: i 
202.33420-
202.25~57 
··202.33~3b 
·251.0 t. ! 
260. 8 \ ( 
251.2 , 1 • 
537 .44 i· ·t 
537.54J;· 
537.34 i l 
202.3333t_ 
202.33841 
:202. 328~9 
447 .04 l \ 
·202 • ~ 3 4©Q 
202.263~d 
202.330.t~ 
. . 
. I , 
.259.1 ! ; 
. . ~ f 268.6 :! i · 
I ' 
,259 ._3 4 :I 
. ! ! 
.i, ; 
,{ l 
.l ' ! 
:1 
1 
i i ~ 1 
·I ,-: , 
i ; 
·1 I 
I 't· i I 
\ ·i 
1 _I 
544.53 
544.63 
544.43 
205.66688 
205.67180 
205 .661-99 
448 .. 91 
205.66692 
205 • 59l.62 .. 
205 .. 66410, 
250 •. 9 
260.3 
251.2 
544.35 
544.45 
544.25 
205.66604 
205.67104 
205.66105 
451.1lQ" 
205 .6§612 
205.59536 
.205.6~ 
259.1 · 
268.3 
259.6 
:, 
.) 
' . 
' . ' 
• I 
i· 
.300 
551.78 
551. 88 J) • 
551.68 
209. 00004 ·• 
209.005,00 
208.99504 I 
452. 20 .r'\. , · 
209. 99965 \. 
208.91948 
208.99615 
250.7 
2·60.6 1 
251.1 
; ,-
551.69 
551.79 
551.59 
208.99998. ·. 
209.00503 - , 
208. 99497: . , i 
454.93 
208.99q43 
208.92827· 
208.99845 
2.58. 7 
268.4 
259.4 
·~. \ .. 
t· 
i 
i 
i 
1.: 
! . 
... .\ 
' 
·, i 
! 
! 
• 
00 
r_557. 56 ' 
557 .66 1 
557 .·46 : _ 
212.33300 
'212.33186 
212.32814 
455.53 . 
212.332:97 
212.25385 
212. 33025 · 
250.7 
260. 3 i 
251.0: 
h 557. ·~7 
557.77 
557 .5·7 
212.33300 
212.33807 
- 212. 32792 
458. 76 .. • 
.212.33622 
21.2.25260 
212.332]4 
258.9 · 
267. 7 : 
259'.0 
• 
Tube 
Number 
13 
Tube 
Number 
14 
• 
\.Jl-
1\) 
• 
• 
-i 
' }I 
', 
l 
i 
i 
i 
i 
l 
; 
' 
. •. 
Test 
Paraf!leter 
V., 
I 
- V2 
V3 ... .,: 
.p 
·'· l 
f2 
V* 
f3 
. 1 ff ,(I 
f~ 
.P* 
Tl 
-3 
T2 
m 
"'"3 
? 
v, 
-
V2 
\r 
.3 
.p 
~· 
·1 
..i.·2 
f3 v¥.· 
.1 
r! 
r* 2 
.p* 
,6, 3 
Tl 
m 
~2. 
~3 
.. 
,; 
'*~ 
5.900 
522.42· 
~22.52 
522.32 
195.66603 
195.67095 
195.66116 
438.62 , 
195.66705 
195.59234 
195.667_05 
, 249.2 
258.7 
249.2 
. 518.59 
518.69 
518.49 
. 195 .66600 . 
195.67105 
195.66096 
437.07 
195.66584 
· 195.59297 
195.66586 
258.1 
267 .4 . 
258.1 
~ .. 
i 
I 
I 
i 
. '· 
; ' REFLEX KLYSTRON PERFORMANCE DATA 
.ooo 
531.4? A 
531. 5,~ 
I 
·531.3~ 
, . 199.ocµoo1 
199.0()470 
198.99525 
442.14 
199.00010-
198.93294 
199.09000 
249.2 1 
258.4 
249.4 1 
525. 78\ 
525. 88\ 
525 .68i 
199.00908 
199.00475 
198.99$36 
439.14] 
199.00<1)11 
198.93]19 
199.00~16 
257. 9 j' 
267.1 
258.2 i' 
I 
l 
i 
., 
I 
:J .· 
i 
·j 
I . 
I 
i 
I 
i 
I 
I 
\ 
\ . 
l 
1 
.·• 
Test :Frequency 
""'.100 . 
537.37:: 
537 .47i. 
537.27\ , 
202.33t60 
202.33777 
202.32845 
41+5 .69 \ . 
202.33300 
202.2547:4 
202.33i79 
249.2 : :, 
259.0 
249.4. 
' 532.48 \ :· 
532.58 \ : 
532 •. 38 \ : 
202.333b8 
202.338\J..b 
202.32800 
442. 78 \ i 
202.3329'$ 
202.2576] 
202.3349~ 
258.5 i . 
267.7 : i-~ 't. i \. 8 6 ; ,·! 25 . : ';·: 
. ' 
. ' (1 
, ' 
., l 
' :t 
543.46 
543.56 
543.36 
205.66601 
205.67084 
205.66122 
449.09 
205.66669 
205 .59012 
205.66696 
249.3 
258,.7 
249.3 
538.43 
538.53 
538.33 
205.66600· 
. 205.67125 
205.66078 
445.22 
205.66698 
20·5. 59418 
205.67315 
258.7 
267.8 
258 •. 5 
·, . 
.300· 
550.28 
550.39 -
550.18 
209.00015 
209.00508 
208~99528 
452.48 
209.00053 
208.91950, 
208.99801 
24Q.4 .. . . 
258.8 
249.5 
543.52 
543.62 
543.42 , 
209.00000 
209.00500 
208. 995089 : 
447 .51 . ·, 
209. 00071 j I 
208.92777 
209. 00560 i· 
258.8 ' 
268.0 
258.9 
,, 
·. i'. 
l 
1: 
I 
I· 
I· 
r 
l. 
r 
i 
i 
L 
I• 
• i 
• I 
i 
i, 
j 
i· 
\ 
l 
! 
I . / 
I 
l 
. I 
! 
001 
--: 
. ' 
I
: : j 
' 556.2111 
556. 31 ! I 
. 
. I 
5r±6 .11: 1' ~ , I 
2]!.2.33321 
2ll2.33~6 I , ! 2112.32830 
45i5 .81 \ \ 
2112.33435 I ·. . 2]2.25693 
2~2. 371+6\2 , , I 
2515 .2 1 I 
2~3.4 \. 
' t l j 2Yi9. 5 , 
! r ( 
; : i j i j I 
'\ \ 
! i ~ 
. i 
546 -,4 : ; 17 • :J , · 549.44 l 
549.24 · i 
212.33306 
212.33819 
, I 
, 21g.32770 
·45() .. 83 ,· 
2U~33350 
212.255.37 
21~.38210 
265.6 
273 .6 . 
25g).O · 
i 
. 
\ . 
' I 
1 
. I 
j ' 
' 
f 
' 
. r !,, 
1· 
\ 
! , 
' . • ! 
i . 
I 
:i 
l. 
\ 
Tube 
Nwnber 
15 
Tube 
-Nwnber 
l.G 
.• 
• 
\J1 
uJ 
• 
Test 
· · Pa:: 9.:ne te r 
,l, 
..... 
=v 3 
f2 
''f 
--
·* f2 
Tl 
T3 
V . 1 . . 
V 3· 
v,1* 
~ 
:'1'3 
V2 
·-(~ 
J.. l 
f3 
ff 
~ 
f* 3 
T2 
V2 
··~1 
.. 
-P.. J.·3 
, .. ,· ·* 
~--· 
~·1 
T2 
' ~- . 
,; 
..... 
. '• 
I. 
"!' 
. 5 .. 900 
507.68 
507.78 
507 .58 
·195 .66600 
195.67181 
195.f.6033 
436.17 
195.66615 
195.58842 
195.66605 
257 .3· 
266.9 
257.3 
. 
525.77 
525~87 
525.67 
195.66600 
195.67171. 
195.66057 
41+1~48 
195.66556 
195.59143 
·195.66553 
257.6 
267.1 
257 .6 _ 
0 
·,~~c 
REFLEX KLYSTRON PERFORMANCE DATA 
o~ooo 
5l2.6V 
512 .·77 
512.517 
199.0~007 
199.0~515 
198.99506 
438.94· 
199.00010 
198.89720 
199.0¢·054 
. i 
·257 .9 ! 
270.91 
257-7! 
i 
531._8$ 
531.9~ · .. 
531. 7~ . 
199.0~00:o 
1.99·· •. oQ.534 
198.89466 
443.7q 
199.00004 
198.89620 
199.otj222 
258. 5 I 
I 27~.7,, 
258.4 
Test: Frequency 
.100 
518.80; 
518.90; 
5l8 .. 70! 
202 .• 33B00 
202.33~37· 
202.32772 
440.79: • 
202.33353 
202.22$49 
202. 3255.2 
257. 7 ; · 
270. 7 : . 
258.0 i 
~-. ! 
~: 
537 .44 :\: 
537. 54 ! : 
.537.34l j 
202.331qo 
m· 202. 3 3 -41) 2 
202.327tjl 
445. 94 ! : .··· ·.· 
202.33548 
.202.21500 
202.33421 
258.5 · ! !, . 
271. 5 ~ 
) 258.8 !, · 
:! 
. ~ . 
'j" 
:1 
·; 
I _,. ~ . 
·}- :."r . 
q. i 
:}',_ ·: 
• ~ l 
,; .. 
i' ·1 
j \ 
i ; 
; ! 
I 
' 
i 
j • 
, I 
I 
523.99 
524.09 
~23.89 
205.66600 
205.67141 
205.66046 
442. 51. 
205.66572 
205.55375 
·205 .66000 
257.8 
270.8 
258.3 
541.27 
541.37 
541.l7 
205.66600 
205.67152 
20~.66057 
448.06 
205.66550 
205.55047 
205.66400 
258.7 
·21i.s 
259.1 
.•· 
529.38 
529.48 
529.28 
209.00000 
209.0054-b 
209.00461. 
444.28 
208.99822 
208.88755. 
-208. 994 75 .. 
258.3 
271.1 
258.3 
546.22 
546.32 
546.12 
:209.00000 
· 209.00529 . -
2.08 • 994.91 
449·.82 : 
' , 
209.0003!9 
208. 8859'rr 
209.01273 
259.2 
272.0 
259.2' C 
/. 
J 
I 
I 
, 
. , 
I 
i 
i 
\ .I 
' I 
:. : I 
• .. : I 
·: I 
,' : ! 
: i 
I 
: I 
•• 1. ! ·t . ; I 
: I 
; i I 
! 
. ' 
J 
I 
i 
: 
535.11, . 
535.21 : 
535.01: \ 
. 212. 33]02 , 
. . . . . . . I 
212. 33831 · 
212.327(?6 
j 
I 445.62: : / 
Tube 
Nwnber 
17 - 212. 33300 
212. 25€S57 
212.35719 · 
263.2 - . 
271.3 
258.6 
' ' 
551.48 , 
551.58,!; 
551.38 : i 
... . , I , 
·212. 33301 
·212.33846 
212.321s2 
453.47 ; • 
212.333i5 
212.25668 
212.374~5 
264. 8. : 
272.5 · · 
259.7 
; i 
. ! 
, l 
. I 
, ' I 
. : I 
: I 
. , I 
; I 
: I I 
: l i 
' : I 
: I 
: I 
' '' i I j' I 
. . : : I 
'' I 
, . I I . 
: ' 
l . 
! r 
• I 
Tube 
.. Number 
18 
- ... •,-···.--~-• . . • . I 
',· •. ;' .... ·~ .• ~,.'.'•.<.~•,•." _; "• .. • •;_·< ,_;_::::r.-~ 
• 
., . .. 
! I 
Te.st, 
Pd:r e ... !!le te r - . 
. V1 
v=-·.: 2 . ... r 
V3 .· 
.&-
Ir-
·l 
f2 
V* 
f3 
l, f* 
f2 1 
f'* 
'X . -3 l 
m 
T2 
J. 3 
V1 
V2 
'l 3 
·.P 
.. -;.;; l 
J +'. .J.. 2 .. f3, , 
v* l 
.p* 
~1 
r* 2 
:r* 
Tl 
3 
'r-2 
T·~l 
~-~· . f"} -. 
!- . 
; a a: Qi SZJZU! 
5.900 
523.62 
523.72 
523.52 
195 .66600 · 
195.67132 
195 .66061 · 
436.95 
195.66498 
1:95.57043 
. 195.66478 
.250.0 
26·2. 3 
250-.0 
506.62 
·\'a 506.72 
506.52 
195.66602 
195.67191 
195.66024 
43Q·. 76 
195.66860 
195 .. 57507 
195;66861 
·255. 7 
268.0 
255 .• 7 
r 
i 
I 
i 
I 
l . : 
I ; 
' • f 
t ! 
l I 
.i· 1· 
f: I: 
{· .f. 
l i 
.. • j 
·I I i 
·.~ ~ l 
'i ' ., 
.1 j ! 
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